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© Radiation measurement system. 

© A standard light beam is incident on the PMT 
(14) to adjust the gain of a preamplifier which serves 
to amplify the output signal of the PMT (14). A light- 
emitting diode (31) which shoots the standard light 
beam is fixed to the glass tube (19) of the PMT (14) 
by means of an attachment made of transparent 
resin. The standard light beam can therefore pass 
through the attachment In short, the light transmit- 
ting efficiency of the attachment is so improved that 
ample quantity of the standard light beam can be 
supplied to the light-receiving face (18) of the PMT 
(14). Even when the angle of attaching the diode (14) 

3 to the glass tube (19) is changed, the transmission 
of the standard light beam is not disturbed by the 
attachment thereby enabling the quantity of the 
CD standard light beam supplied to the light-receiving 
jj* face (18) to be kept almost certain. Thus, gain ad- 
justment can be accurately attained. 
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Radiation measurement system 



The present invention relates to a radiation 
measurement system, such as scintillation camera 
and chemical meter device, and more particularly it 
relates to an apparatus for controlling gain of the 
radiation measurement system. 

When radioactive radiation emitted from the 
inside of the human body enters into the scintil- 
lator, scintillation light is produced. This scintillation 
light is converted into electric signal and amplified 
by a predetermined gain by the photomultiplier 
tube (PMT). This electric signal is further amplified 
by a predetermined gain by the preamplifier and 
the like and outputted as output signal. Thereafter, 
information such as Ri distribution relating to the 
light emitting position in the scintillator is obtained 
on the basis of the output signal, so that the shape, 
position, size and the like of the focus in the human 
body can be diagnosed. 

It sometimes happens at the measurement pro- 
cess that PMT property changes with the lapse of 
time and that the gain of PMT therefore becomes 
low. In order to prevent this, gain of the pream- 
plifier and the like are corrected and the level of 
output signal is adjusted to become certain in rela- 
tion to the scintillation light of certain level. More 
specifically, a light-emitting diode is fixed to the 
glass tube of PMT. Standard light beam shot from 
the light-emitting diode is transmitted through the 
glass tube, introduced into the light receiving face 
of PMT and converted into standard signal. The 
gain correcting value of the preamplifier is obtained 
from this standard signal thereby to correct the 
gain of the preamplifier. The level of output signal 
is thus adjusted to become certain in relation to the 
standard light 

However, it is needed that the light-emitting 
diode is located in the resin layer between the 
glass tube and the circuit housing section in PMT. 
The light-emitting diode is thus covered by a cylin- 
drical member made of opaque resin and then 
embedded in the resin layer. This makes it impos- 
sible for the standard light beam to be transmitted 
through the opaque cylindrical member. In other 
words, the opaque cylindrical member is low in 
light transmission efficiency and it sometimes hap- 
pens therefore that the standard light beam having 
a sufficient quantity of light cannot be supplied to 
the light receiving face of PMT. Further, it is likely 
to happen that the light-emitting diodes are at- 
tached to the glass tube at different angles. As this 
diode-attaching angle relative to the glass tube 
becomes larger, therefore, the transmission of the 
standard light beam is disturbed more and more by 
the opaque cylindrical member. As the result the 
standard light beam is less supplied to the light 
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receiving face of PMT. Because the standard light 
beam is not sufficiently supplied to the light receiv- 
ing face of PMT, as described above, the gain of 
the preamplifier cannot be accurately adjusted. 

s The object of the present invention is to pro- 

vide a radiation measurement system capable of 
supplying the standard light beam, ample in quan- 
tity of light, to the light receiving face of a con- 
verter means (or PMT) to enable gain adjustment 

io to be accurately carried out. 

According to the present invention, there can 
be provided a radiation measurement system com- 
prising a scintillator responsive to the incidence of 
radiation to produce a scintillation light; means for 

is converting the scintillation light received through a 
light receiving surface into an electric signal; 
means for amplifying the electric signal by a pre- 
determined gain; means for generating a standard 
light beam toward the light receiving surface, so 

20 that the standard light beam is converted to a 
standard signal; means for obtaining a gain correc- 
tion value in accordance with the standard signal, 
thereby controlling the gain; and means for mount- 
ing said generating means on said converting 

25 means, and having material for transmitting the 
standard light beam therethrough, so that the stan- 
dard light beam may be guided to the light receiv- 
ing surface. 

According to the present invention, a means for 

30 attaching a standard light beam generating means 
to a converting means is made of light-penetrating 
or transparent material. Therefore, the standard 
light beam can be transmitted through the attach- 
ing means, in other words, the light transmitting 

35 efficiency of the attaching means is so improved as 
to enable the standard light beam to be supplied to 
the light receiving face of the converting means (or 
PMT) with ample quantity of Gght Further, the 
attaching means is made of transparent material. 

40 Even when the attaching angle of the beam gen- 
erating means is changed, therefore, the transmis- 
sion of the standard light beam is not disturbed by 
the attaching means, thereby enabling the quantity 
of the standard light beam supplied to the light 

45 receiving face to be kept almost certain. As appar- 
ent from the above, ample quantity of the standard 
light beam can be supplied to the tight receiving 
face of the converting means (or PMT) so that gain 
adjustment can be accurately achieved. 

so This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a sectional view showing an exam- 
ple of the scintillation camera according to the 

2 
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present invention; 

Fig. 2 is a sectional view showing an ar- 
rangement of attaching a light-emitting diode to 
PMT shown in Fig. 1 ; 

Fig. 3 is an exploded perspective view show- 
ing the diode attaching arrangement; 

Fig. 4 is intended to explain the angle at 
which the light-emitting diode is attached to PMT; 

Fig. 5 is a graph showing the relation of the 
diode attaching angle relative to the light quantity 
of the standard light beam incident onto PMT; 

Fig. 6 is a sectional view showing another 
arrangement of attaching the light-emitting diode to 
PMT; 

Fig. 7 is a perspective view showing the 
diode attaching arrangement in Rg. 6 dismantled; 

Fig. 8 is a block diagram showing a circuit 
for the radiation measurement system; 

Rg. 9 shows a waveform of the standard 
light beam produced by the light-emitting diode; 

Rg. 10 shows a two-dimensional array of 
photo-multiplier tubes; and 

Rg. 11 is intended to explain offset detec- 
tion. 

Rg. 1 shows an example of the scintillation 
camera according to the present invention. This 
scintillation camera includes collimator 11, scintil- 
lator 12, light guide 13 and photomuitiplier tube 
(PMT) 14. PMT 14 has vacuum tube section 15 for 
photoelectrical^ converting scintillation light sec- 
tion 16 for housing a circuit for carrying out electric 
processes such as amplifying process, and resin 
layer 17 interposed between vacuum tube section 
15 and circuit housing section 16. PMT 14 shown 
in Rg. 1 is of the head-on (or end-on) type but the 
present invention can be applied to the PMT of the 
side-on type. 

When radioactive radiation emitted from the 
inside of the human body enters into scintillator 12 
through collimator 11, scintillation light is created. 
When this scintillation light is introduced into light 
receiving face 18 at vacuum tube section 15 of 
PMT 14 through light guide 13, photoelectrons are 
discharged by photocathode 21. Photoelectrons are 
accelerated and focused by focusing electrode 22 
and then introduced into a plurality of dynodes 23. 
Secondary electrons are discharged and amplified 
by these dynodes 23 and after this amplification is 
repeated, output is picked up by anode 24. This 
output of the PMT is applied to a preamplifier, 
which includes an auto-gain controller and the like, 
and amplified by a predetermined gain. Output 
signal of the preamplifier is then applied to an 
image processing section where information such 
as Rl distribution relating to the light-emitting posi- 
tion in the scintillator is obtained. 

It sometimes happens at the measurement pro- 
cess that the gain of the PMT becomes low. In 
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order to prevent this, the gain of the preamplifier is 
corrected and the level of output signal of the 
preamplifier is adjusted to become certain relative 
to the scintillation light of certain level. The scin- 

s filiation camera according to the present invention 
includes a means for controlling the gain of the 
preamplifier. 

More specifically, light-emitting diode 31 hav- 
ing semisphericai light emitting face and shooting a 

70 standard light beam of high directivity is located in 
resin layer 17 of PMT 14. The standard light beam 
shot from light-emitting diode 31 is transmitted 
through glass tube 19 at vacuum tube section 15. 
introduced into light receiving face 18 of PMT 14, 

is and converted into standard signal. The gain cor- 
recting value of the preamplifier is obtained from 
this standard signal. As the result, the gain of the 
preamplifier is corrected. The level of output signal 
is thus adjusted to become certain relative to the 

20 standard light. 

According to the present invention, the light 
emitting end of light-emitting diode 31 is inserted 
into cylindrical member 32 made of transparent 
resin such as acrylic resin and this cylindrical 

25 member 32 is embedded in resin layer 17 accord- 
ing to the molding process, as shown in Rgs. 2 
and 3. Further, that internal space in cylindrical 
member 32 which is defined by the light emitting 
end of diode 31 and glass tube 19 of PMT 14 is 

30 filled with transparent filler 33 having bonding ef- 
fect, preferably optical adhesive. 

As described above, cylindrical member 32 is 
made of transparent resin and the internal space in 
cylindrical member 32 is filled with transparent filler 

35 33. The standard light beam can be thus transmit- 
ted through cylindrical member 32 and transparent 
filler 33. In short, their light transmitting efficiencies 
are better improved so that the ample quantity of 
standard light beam can be supplied to light receiv- 

40 ing face 18 of PMT 14. 

As shown in Rg. 4, it sometimes happens that 
angle 6 of attaching light-emitting diodes 31 to 
glass tube 19 is not always certain. As angle e 
becomes larger, the light quantity of the standard 

45 light beam entering into light receiving face 18 is 
made smaller, as seen in the conventional case in 
Rg. 5. 

According to the present invention, however, 
cylindrical member 32 is made of transparent resin 

so and the internal space in cylindrical member 32 
defined by the light emitting end of diode 31 and 
glass tube 19 is filled with transparent filler 33. 
Even when angle e become large, therefore, the 
transmission of the standard light beam is not 

55 disturbed by cylindrical member 32 and transpar- 
ent filler 33 so that the light quantity of the stan- 
dard light beam supplied to light receiving face 18 
of PMT 14 can be kept certain or less uncertain. 

3 
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As apparent from the above, the present inven- 
tion enables the ample quantity of standard light 
beam to be suppGed to light receiving face 18 of 
PMT 14. Gain adjustment can be accurately at- 
tained accordingly. 

Resin layer 17 may be made of transparent 
resin. 

Figs. 6 and 7 show another embodiment of the 
present invention. Light-emitting diode 41 has a flat 
light-emitting end face and shoots standard light 
beam of low (or wide) directivity. 

When light-emitting diode 41 is attached to 
glass tube 19, therefore, the positioning of light- 
emitting diode 41 can be accurately attained. In 
addition, light-emitting diode 41 can be easily at- 
tached to glass tube 19 at a predetermined angle. 
The uncertainness of the incident light quantity of 
the standard light beam caused by the uncertain- 
ness of attaching angle e can be kept far less 
accordingly. 

Further, light-emitting diode 41 shoots a stan- 
dard light beam which is low (or wide) in directivity. 
Therefore, the standard light beam is more dif- 
fusabie, as compared with the case where a light 
beam with high directivity is shot The transmitting 
efficiency of the standard light beam can be devel- 
oped. 

Although the present invention has been de- 
scribed about two embodiments in which the 
present inventions is applied to the scintillation 
camera, it can be applied to the radiation measure- 
ment apparatus such as chemical meters. 

A concrete example of the gain control device 
will be briefly described. In this device, gain adjust- 
ment will be carried out while radiation is being 
measured, but it may be carried out at the time 
when radiation is not being measured. Offset cor- 
rection will be briefly described, too. 

Referring now to Fig. 8, there is illustrated a 
gain control system. 

Standard fights produced by LEDs 31-1 to 31 -n 
are directed to PMTs 14-1 to 14-n which are driven 
by an HV unit 128. LEDs 31-1 to 31 -n each pro- 
duce two types of standard lights PI and P2, which 
are different from each other in quantity of light 
under the control of LED controller 127, as shown 
in Fig. 9. A scintillator 12 produces scintillations in 
response to incidence of radiation thereto. A light 
13 directs the produced scintillations to PMTs 14-1 
to 14-n. 

Fig. 10 shows a two-dimensional array (X di- 
rection, Y direction) of PMTs 14-1 to 14-n. LEDs 
31-1 to 31 -n are placed at PMTs 14-1 to 14-n, 
respectively. Alternatively, for example, LEDs 31-1 
to 31-4 may be placed near PMTs 14-1 to 14-4 
that are located at the four comers of the PMT 
array comprised of PMTs 41-1 to 14-n. LEDs 31-1 
to 31 -n produce light of a spectrum that is dose to 



the optical spectrum of scintillator 12, for example, 
green light, as standard light LEDs 31-1 to 31 -n 
are driven by current pulses having predetermined 
duty ratio from LED controller 127. 

5 Preamplifiers 115-1 to 115-n are associated 

with PMTs 14-1 to 14-n and have automatic gain 
control (AGC) circuits 116-1 to 116-n, respectively. 
The gains of preamplifiers 115-1 to 115-n each 
have controlled by system controller 126 com* 

10 prised of, for example, a central processing unit 
(CPU). Output signals of preamplifiers 115-1 to 
115-n are applied to a shaping circuit 120 via a 
summing amplifier 119. 

A/D converter 124 converts an analog signal 

75 outputted from shaping circuits 120 to a digital 
signal, and applies the digital signal to an offset 
correction circuit 125. Offset correction circuit 125 
corrects the offset of the digital signal, i.e., mea- 
sured data for radiation in accordance with an 

20 offset correction value. 

A method of calculating the offset correction 
value will be described at this point. 

When standard lights P1 to P2 fall on PMT 14- 
1 to 14-n at different points of time, peak values of 

25 corresponding output signals of A/D converter 124 
in case where no offset occurs are assumed to be 
OP1 to OP2, respectively, in the graph of Fig. 11. It 
is assumed here that the peak values for standard 
lights P1 and P2 are adjusted such that a straight 

30 line connecting OP1 and OP2 together passes 
through the origin O. When PMTs 14-1 to 14-n are 
irradiated with standard lights P1 and P2 again 
after the lapse of a predetermined time, if the 
output peak values of A/D converter 124 were 

35 shifted to OPl' and OP2', then a straight line L 
connecting OPl' and OP2' would not pass through 
the origin O. The deviation of straight line L with 
respect to the origin O corresponds to the quantity 
of offset The offset correction value is used for 

40 correcting the deviation. 

System controller 126 calculates a gain correc- 
tion value in accordance with an output signal of 
A/D converter 124 obtained when PMTs 14-1 to 14- 
n are irradiated with the standard light The gains 

45 of preamplifiers 115-1 to 115-n are controlled in 
accordance with the gain correction value so that 
the gains to PMTs 14-1 to 14-n are controlled 
indirectly. System controller 126 calculates also the 
above offset correction value. The PMTs generally 

so have statistical fluctuations. Thus, several measure- 
ments of the standard light and calculation of an 
arithmetic mean of measured data will allow the 
gain correction value and the offset correction val- 
ue to be improved in accuracy. It is to be noted 

55 that the measurement of the standard light is per- 
formed during radiation measurement under the 
control of system controller 126. 

Superimposed-light detector 121 detects inct- 
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dence of scintillations to PMTs 14-1 to 14-n during 
measurement of the standard light. The detection 
of scintillations is performed by monitoring output 
signals of shaping circuit 120. Superimposed-light 
detector 121 is composed of *n integrator 21a for 
integrating an output signal of shaping circuit 120 
until a predetermined period of time lapses from 
the emission of the standard light and a comparator 
121b for comparing an output voltage Vint of in- 
tegrator 121a with a reference voltage Vref. When 
Vint > Vref in comparator 121b. that is, when the 
standard light and the scintillations fall on PMTs 
14-i to 14-n simultaneously within a predetermined 
time period, superimposed-light detector 121 out- 
puts an inhibit signal to system controller 126. 
Upon receipt of the inhibit signal system controller 
126 inhibits the operation of A/D converter 124. In 
other words, when the standard light and the scin- 
tillations fall on PMTs 14-1 to 14-n, the output 
signal of A/D converter 124 is not utilized for the 
offset and gain correction. 

On the other hand, output signals of PMTs 14- 
1 to 14-n, amplified in preamplifiers 115-1 to 115-n 
are applied to a position signal generator 156. 
Position signal generator 156 calculates a position 
of incidence of radiation on the PMTs on the basis 
of the output signals of preamplifiers 115-1 to 115- 
n and provides position signals representing the 
position of incidence to AGC circuits 157 and 158. 
The position signals include an X signal and a Y 
signal. 

AGC circuits 157 and 158 corrects the gains of 
the position signals output from position signal gen- 
erator 156. The gain correction is performed by 
gain correction signals representing gain correction 
values output from system controller 126. 

Adders 159 and 160, each of which may be 
comprised of an operational amplifier, add offset 
correction signals representing offset correction 
values to output signals of AGC circuits 157 and 
158. that is, the gain-corrected position signals. 

A/D converters 161 and 162 converts analog 
signals output from adders 159 and 160 to digital 
signals. Digital signals output from A/D converters 
161 and 162 when the standard light is emitted are 
applied to system controller 126 via a buffer 163. 
On the other hand, radiation measured data is 
applied to an Rl image processor (not shown) to be 
used for formation of an Rl image. 

System controller 126 is responsive to the out- 
put signal of buffer 163 to produce the gain correc- 
tion signal and the offset correction signal. 

The gain correction signal is used for correct- 
ing variations in gain in the X and Y directions and 
obtained by making a comparison between the 
position signal output from buffer 163 and an initial 
position signal which is previously set and chang- 
ing a difference resulting from the comparison to a 



gain variation. The gain correction signal is applied 
to AGC circuits 157 and 159. 

The offset correction signal is used for correct- 
ing variations in offset in the X and Y directions 

5 and obtained by making a comparison between the 
position signal output from buffer 163 and an initial 
position signal which is previously set and chang- 
ing a difference resulting from the comparison to 
an offset variation. The offset correction signal out- 

10 put from system controller 126 is converted to 
analog signals by D/A converters 164 and 165 and 
then applied to adders 159 and 160 via buffers 168 
and 169. 

it is to be noted here that the initial position 
is signal is a position signal obtained at the time of 
the first emission of the standard light and is stored 
in a memory 167. 



20 Claims 

1. A radiation measurement system compris- 
ing: 

a scintillator (12) responsive to the incidence of 
25 radiation to produce a scintillation light 

means (14) for converting the scintillation light re- 
ceived through a light-receiving surface (18) into an 
electric signal; 

means for amplifying the electric signal by a pre- 

30 determined gain; 

means (31) for generating a standard light beam 
toward the light-receiving surface (18), so that the 
standard light beam is converted to a standard 
signal; 

35 and 

means for obtaining a gain correction value in 
accordance with the standard signal, thereby con- 
trolling the gain; 

characterized by further comprising 

40 means for mounting said generating means (31) on 
said converting means (14), and having material for 
transmitting the standard light beam therethrough, 
so that the standard light beam may be guided to 
the light-receiving surface (18). 

45 2. The radiation measurement system accord- 
ing to claim 1, characterized in that said converting 
means (14) includes a glass tube (19) connected to 
the Gght-receiving surface (18), and said mounting 
means includes: a cylindrical member (32) ar- 

50 ranged on the glass tube (19), having an internal 
space for housing the generating means (31), and 
allowing the standard light beam to pass thereth- 
rough; and a filler (33) filled in the internal space so 
as to fix said generating means (31) in the space, 

55 and allowing the standard light beam to pass there- 
through. 

3. The radiation measurement system accord- 
ing to claim 2, characterized in that said mounting 



5 
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means includes a resin layer (19) for fixing the 
cylindrical member to the glass tube. 

4. The radiation measurement system accord- 
ing to claim 1 , characterized in that said converting 
means includes a photomultiplier tube (14). 

5. The radiation measurement system accord- 
ing to claim 1, characterized in that said generating 
means includes a light emitting diode (31). 

6. The radiation measurement system accord- 
ing to claim 5, characterized in that said light- 
emitting diode (31) includes the diode of that type 
which has a semi-spherical light-emitting end face 
and shoots the standard Dght beam with high or 
narrow in directivity. 

7. The radiation measurement system accord- 
ing to claim 5. characterized in that said light- 
emitting diode (31) includes the diode of that type 
which has a fiat light-emitting end face and shoots 
the standard light beam with low or wide in direc- 
tivity. 

8. A gain control apparatus in a radiation mea- 
surement system which includes means (14) for 
converting a scintillation light received through a 
light-receiving surface (18) into an electric signal, 
and means for amplifying the electric signal by a 
predetermined gain, said control apparatus com- 
prising: 

means for generating a standard light beam toward 
the light-receiving surface (18) so that the standard 
light beam is converted to a standard signal; and 
means for obtaining a gain correction value in 
accordance with the standard signal, thereby con- 
trolling the gain; 

characterized by further comprising 
means for mounting said generating means (31) on 
said converting means (14), and having material for 
transmitting the standard light beam therethrough, 
so that the standard light beam may be guided to 
the light-receiving surface (18). 

9. The radiation measurement system accord- 
ing to claim 1 , characterized in that said converting 
means (14) includes a glass tube (19) connected to 
the light-receiving surface (18), and said mounting 
means includes: a cylindrical member (32) ar- 
ranged on the glass tube (19), having an internal 
space for housing the generating means (31), and 
allowing the standard light beam to pass thereth- 
rough; and a filler (33) filled in the internal space so 
as to fix said generating means (31) in the space, 
and allowing the standard light beam to pass there- 
through. 

10. The gain control apparatus in a radiation 
measurement system according to claim 8, char- 
acterized in that said generating means includes a 
light-emitting diode (31) having a flat light-emitting 
end face and shooting the standard light beam with 
low or wide in directivity. 

1 1. A scintillation camera system comprising: 



a scintillator (12) responsive to the incidence of 
radiation to produce a scintillation light 
means (14) for converting the scintillation light re- 
ceived through a light-receiving surface (18) into an 
s electric signal; 

means for amplifying the electric signal by a pre- 
determined gain; 

means (31) for generating a standard light beam 
toward the light-receiving surface (18), so that the 
10 standard light beam is converted to a standard 
signal; and 

means for obtaining a gain correction value in 
accordance with the standard signal, thereby con- 
trolling the gain; 

75 characterized by further comprising 

means for mounting said generating means (31 ) on 
said converting means (14), and having material for 
transmitting the standard light beam therethrough, 
so that the standard light beam may be guided to 

20 the light-receiving surface (18). 
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FIG. 6 
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© A standard light beam is incident on the PMT 
(14) to adjust the gain of a preamplifier which serves 
to amplify the output signal of the PMT (14). A light- 
emitting diode (31) which shoots the standard light 
beam is fixed to the glass tube (19) of the PMT (14) 
by means of an attachment made of transparent 
resin. The standard light beam can therefore pass 
through the attachment. In short, the light transmit- 
ting efficiency of the attachment is so improved that 
ample quantity of the standard light beam can be 
supplied to the light-receiving face (18) of the PMT 
(14). Even when the angle of attaching the diode (14) 
to the glass tube (19) is changed, the transmission 
of the standard light beam is not disturbed by the 
attachment, thereby enabling the quantity of the 
standard light beam supplied to the light-receiving 
face (18) to be kept almost certain. Thus, gain ad- 
justment can be accurately attained. 
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